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TITLE OF THE INVENTION 

WATERTIGHT PLATE AND POWER SUPPLY DEVICE INCLUDING THE 
SAME 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a 

watertight plate which seals a channel and a power 
supply device including the same. . . 

Related Background of the Invention 

10 [0002] Conventionally, in this technical field, a 

structure for sealing a channel has been such a 
structure as shown in Figs. 5A and 5B . More 
specifically, a channel 66 is demarcated by means of a 
channel sidewall 62 of a watertight plate 60 and a 

15 cover plate 64, and on the channel sidewall 62, two 

step portions 68 and 70 are formed. Moreover, the 
channel 66 is hermetically sealed as follows: a gasket 
resin 72 for sealing is applied onto the upper step 
portion 68 (see Fig. 5A) ; the cover plate 64 and the 

20 watertight plate 60 are press bonded to each other (see 

Fig. 5B) ; and then the resin 72 is dried. Note that 
a resin lump 72a, which has been formed upon the above 
compression bonding, is housed within the lower step 
portion 70, which is closer to the channel 66 and lower 

25 than the upper step portion 68. Thus, the resin lump 

72a is prevented from entering into the channel 66. 
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Moreover, due to the resin lump 72a, stress of water 
pressure applied by coolant flowing through the channel 
66 is distributed, and stress loaded onto the resin 72 
interposed between the upper step portion 68 of the 
5 watertight plate 60 and the cover plate 64 is reduced. 

SUMMARY OF THE INVENTION 

[0003] However, as shown in Fig. 5B, when the 

watertight plate 60 and the cover plate 64 are press 
bonded to each other, the resin 72 is partly pushed out 

10 from between the watertight plate 60 and the cover 

plate 64. If the pushed out portion of the resin 72 is 
not removed, an operator or an operating machine gets 
dirty. Moreover, to avoid the operator or the like 
from getting dirty, a resin removing step is required 

15 to be further added, which results in an increase in 

man-hours . 

[0004] The present invention is made to solve the 

foregoing problems. An object thereof is to provide a 
watertight plate where resin is prevented from leaking, 

20 and a power supply device including the same. 

[0005] A watertight plate according to the present 

invention is a watertight plate including a channel 
sidewall which is in contact with a cover plate and 
demarcates a channel, wherein, on the channel sidewall, 

25 formed are: a first step portion in contact with the 

cover plate; a second step portion which is closer to 
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the channel and lower than the first step portion and 
is applied with a sealing resin; and a third step 
portion which is closer to the channel and lower than 
the second step portion and within which a resin lump 
5 of the sealing resin is housed. 

[0006] In this watertight plate, when demarcating 

the channel by allowing the channel sidewall to contact 
with the cover plate, a sealing resin is applied onto 
the second step portion of the channel sidewall to 

10 improve watertightness of the channel. The second step 

portion is closer to the channel and lower than the 
first step portion, which is a step portion in contact 
with the cover plate. Therefore, the movement of the 
sealing resin applied onto the second step portion is 

15 prohibited by an edge surface of the step portion 

higher than the second step portion. Moreover, a resin 
lump of the sealing resin applied onto the second step 
portion is housed within the third step portion which 
is closer to the channel and lower than the second step 

20 portion. In other words, in this watertight plate, a 

resin lump is formed, and the sealing resin is 
prevented from being pushed out from between the 
watertight plate and the cover plate. Note that, in 
this specification, "lower" means a position closer to 

25 the bottom of the channel in view of the depth 

direction of the channel. 
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[0007] A power supply device according to the 

present invention is a power supply device including a 
watertight plate with electronic parts including a 
switching element, a transformer and a rectifier 
5 mounted thereon, the watertight plate having a channel 

sidewall in contact with a cover plate and demarcating 
a channel through which a coolant flows for cooling the 
electronic parts, wherein, on the channel sidewall, 
formed are: a first step portion in contact with the 

10 cover plate; a second step portion which is closer to 

the channel and lower than the first step portion and 
is applied with a sealing resin; and a third step 
portion which is closer to the channel and lower than 
the second step portion and within which a resin lump 

15 of the sealing resin is housed. 

[0008] In this power supply device, when the 

channel of the watertight plate is demarcated by 
allowing the channel sidewall to contact with a cover 
plate, a sealing resin is applied onto the second step 

20 portion of the channel sidewall to improve 

watertightness of the channel. The second step portion 
is closer to the channel and lower than the first step 
portion, which is a step portion in contact with the 
cover plate. Therefore, the movement of the sealing 

25 resin applied onto the second step portion is 

prohibited by an edge surface of the step portion 
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higher than the second step portion. Moreover, a resin 
lump of the sealing resin applied onto the second step 
portion is housed within the third step portion which 
is closer to the channel and lower than the second step 
5 portion. In other words, in this watertight plate of 

the power supply device, a resin lump is formed, and 
the sealing resin is prevented from being pushed out 
from between the watertight plate and the cover plate. 
[0009] A power supply device according to the 

10 present invention is a power supply device including a 

watertight plate with electronic parts including a 
switching element, a transformer and a rectifier 
mounted thereon, the watertight plate having a channel 
sidewall in contact with a cover plate and demarcating 

15 a channel through which a coolant flows for cooling the 

electronic parts, wherein, on the channel sidewall, 
formed are: a first step portion in contact with the 
cover plate; a second step portion which is closer to 
the channel and lower than the first step portion and 

20 is applied with a sealing resin; and a third step 

portion which is closer to the channel and lower than 
the second step portion and within which a resin lump 
of the sealing resin is housed; and the channel is 
demarcated by applying the sealing resin onto the 

25 second step portion of the watertight plate and 

bringing the cover plate into contact with the first 
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step portion of the watertight plate. 

[0010] In this power supply device, the channel is 

demarcated by bringing the first step portion of the 
channel sidewall of the watertight plate into contact 
5 with the cover plate. Note that a sealing resin is 

applied onto the second step portion of the channel 
sidewall of the watertight plate to improve 
watertightness of the demarcated channel. The second 
step portion is closer to the channel and lower than 

10 the first step portion. Therefore, the movement of the 

sealing resin applied onto the second step portion is 
prohibited by an edge surface of the step portion 
higher than the second step portion. Moreover, a resin 
lump of the sealing resin applied onto the second step 

15 portion is housed within the third step portion which 

is closer to the channel and lower than the second step 
portion. In other words, in this watertight plate of 
the power supply device, a resin lump is formed, and 
the sealing resin is prevented from being pushed out 

20 from between the watertight plate and the cover plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective overview of a switching 
power supply according to an embodiment of the present 
invention. 

25 Fig. 2 is a diagram schematically showing a 

circuit system of the switching power supply of Fig. 1. 
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Fig, 3 is a perspective view of the opposite side 
of a base plate shown in Fig. 1. 

Figs. 4A and 4B are enlarged sectional views of 
substantial parts which show a state where the base 
5 plate and a cover plate are attached to each other. 

Figs. 5A and 5B are views showing a conventional 
way of hermetically sealing the watertight plate and 
the cover plate. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

10 [0011] A preferred embodiment of a watertight 

plate according to the present invention will be 
detailed hereinbelow with reference to the accompanying 
drawings. Note that the same reference numerals are 
applied to the same or similar elements, and 

15 overlapping explanation thereof will be omitted. 

[0012] Fig. 1 is a perspective overview of a 

switching power supply (power supply device) 10 
according to an embodiment of the present invention. 
The switching power supply 10 is a so-called DC-DC 

20 converter applied to a hybrid car and the like, and is 

a device which steps down an input voltage sent from an 
on-vehicle battery, and stabilizes the voltage to send 
it out to on-vehicle equipment such as power windows, 
headlights, and audio equipment, as well as to a motor 

25 and the like. 

[0013] The switching power supply 10 includes, as 
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main components, a base plate (watertight plate) 12, an 
input smoothing circuit 14 for removing noises of an 
input voltage, a switching circuit 16 for converting a 
direct current into an alternating current, a main 
5 transformer 18 which performs voltage transformation, a 

rectifier circuit 20 for converting an alternating 
current into a direct current, and an output smoothing 
circuit 22 for removing noises of an output voltage. 
Moreover, on the base plate, disposed is a control 

10 board 24 which mainly controls the switching circuit 16. 

[0014] Relations among these components will be 

described with reference to Fig. 2. Note that Fig. 2 
is a diagram schematically showing a circuit system of 
the switching power supply 10. As described above, 

15 when the switching power supply 10 receives an input 

voltage from a battery, noise elements of the input 
voltage are first removed in the input smoothing 
circuit 14. The input voltage, from which noises have 
been removed by the input smoothing circuit 14, is then 

20 converted into an alternating voltage in the switching 

circuit 16. The input voltage converted into an 
alternating voltage is stepped down in the main 
transformer 18. The stepped down input voltage is 
converted into a direct current in the rectifier 

25 circuit 20, and outputted after noises thereof are 

removed in the output smoothing circuit 22 . Note that 
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various circuits and elements other than the circuits 
and the elements shown in Fig. 2 are mounted on the 
switching power supply 10. However, they are omitted 
for convenience of explanation. 
5 [0015] As shown in Fig. 1, all of the input 

smoothing circuit 14, switching circuit 16, main 
transformer (transformer) 18, rectifier circuit 20, and 
output smoothing circuit 22 are mounted on the . base 
plate. The input smoothing circuit 14 schematically 

10 shown essentially includes a coil and a capacitor, 

which are relatively large elements among those mounted 
on the base plate 12. The switching circuit 16 
includes, for example, four switching elements 16a 
which are metal-oxide-semiconductor field-effect 

15 transistors (MOSFETs) . The timing of 

connecting/disconnecting these switching elements 16a 
is controlled by the control board 24. To be more 
specific, two pairs of switching elements 16a are 
respectively connected/disconnected at a predetermined 

20 timing by the control board 24, whereby conversion 

between a direct current and an alternating current is 
performed. The main transformer 18 includes a primary 
coil with more windings and a secondary coil with less 
windings, and reduces (steps down) an input voltage. 

25 [0016] The rectifier circuit 20 includes a 

plurality of diodes 20a as rectifiers. Note that, not 
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only a chip of rectifier, but also a module of plural 
rectifiers can be counted as such a rectifier. The 
output smoothing circuit 22 is made up of a choke coil 
22A and a capacitor 22B, which are relatively large 
5 elements among those mounted on the base plate 12. 

[0017] On one end of the base plate 12, input 

cable holes 26, an output cable hole 28, and a signal 
cable hole 29 are provided, and, into these holes, 
unillustrated input cables, an output cable, and a 

10 signal cable are installed, respectively. Thus, the 

input cables and the output cable are gathered in one 
end of the base plate 12 and connected thereto. A 
voltage inputted from this end is turned at the main 
transformer 18 placed at the opposite end and returns 

15 back to the above end to be outputted therefrom. 

Moreover, between the input cable holes 26 and the main 
transformer 18, the input smoothing circuit 14 and the 
switching circuit 16 are disposed in this order when 
viewed from the input cable holes 26. Further, between 

20 the main transformer 18 and the output cable hole 28, 

the rectifier circuit 20 and the output smoothing 
circuit 22 are disposed in this order when viewed from 
the main transformer 18. The region including the 
switching circuit 16 and the rectifier circuit 20 

25 within the surface region of the base plate 12 is a 

pedestal portion 30 higher than surrounding regions. 

10 
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The switching elements 16a of the switching circuit 16 
as well as the diodes 20a of the rectifier circuit 20 
are disposed on the pedestal portion 30. 

[0018] Next, with reference to Fig. 3, a 

5 description will be given of a channel formed on the 

opposite side of the base plate 12 shown in Fig. 1. 
Fig. 3 is a perspective view of the opposite side of 
the base plate 12 shown in Fig. 1. As shown in Fig. 3, 
the back side of the region where the pedestal portion 

10 30 is formed is recessed, and in this recessed portion 

32, a plurality of flexuous fins 34 are integrally 
provided upright. The fins 34 are provided such that a 
flow of cooling water is branched into three. In 
addition, the fins 34 have a plurality of flexures. 

15 Therefore, the cooling water (coolant) is thoroughly 

flown within the recessed portion 32. 

[0019] Moreover, on the back side of the base 

plate 12, a flat cover plate 36 is attached by use of 
screws such that the opening portion of the recessed 

20 portion 32 is covered. The cover plate 36 is attached 

without a space to the end portions of the fins 34 in 
the recessed portion 32, and a channel 38 is demarcated 
by the cover plate 36 and the recessed portion 32. On 
the cover plate 36, an inlet pipe 40 through which 

25 cooling water is flown into the channel 38, and an 

outlet pipe 42 through which cooling water is flown out 
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of the channel 38, are integrally molded. The inlet 
pipe 40 and the outlet pipe 42 are extended in a 
direction of a normal of the cover plate 36, and 
unillustrated hoses are attached to the ends thereof. 
5 [0020] Next, a description will be given of 

connection between the cover plate 36 and the base 
plate 12 with reference to Figs. 4A and 4B. Figs. 4A 
and 4B are enlarged sectional views of substantial 
parts which show a state where the base plate 12 and 

10 the cover plate 36 are connected to each other. As 

shown in Figs. 4A and 4B, three step portions 46, 48 
and 50 are formed on a channel sidewall 44 of the base 
plate 12. The channel sidewall 44 demarcates the outer 
periphery of the channel 38. Specifically, the first 

15 step portion 46 which is the uppermost step portion and 

is in contact with the cover plate 36, the second step 
portion 48 lowered one step down from the first step 
portion 4 6 toward the channel 38, and the third step 
portion 50 lowered one step down from the second step 

20 portion 48 toward the channel 38, are formed on the 

channel sidewall 44. In other words, on the channel 
sidewall 44, the first step portion 46, second step 
portion 48, and third step portion 50 are formed in 
this order from a shallow side of the depth direction 

25 of the channel 38 (D direction of Fig. 4A) . 

[0021] To press bond the cover plate 36 and the 
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base plate 12, a resin (sealing resin) 52 for sealing 
is applied onto the second step portion 48 among the 
three step portions 46, 48 and 50 (see Fig. 4A) . The 
resin 52 is, for example, a silicone resin or the like, 
5 and specifically a liquid gasket made of a silicone 

resin. When the cover plate 36 and the base plate 12 
are press bonded to each other, the resin 52 is pressed 
and extended along the . upper surface of the step 
portion 48. At this time, the resin 52 extended toward 

10 the channel 38 hangs down and is housed within the 

third step portion 50, thus forming a resin lump 52a. 
Meanwhile, the resin 52 extended in the opposite 
direction of the channel 3_8 hits an edge surface 4 6a of 
the first step portion 46, and is thus prevented from 

15 going further out (see Fig. 4B) . 

[0022] In this way, according to the base plate 12 

having such step portions 4 6, 48 and 50, the resin 52 
is prevented from being pushed out from between the 
base plate 12 and the cover plate 36. Consequently, an 

20 operator and an operating machine that perform 

compression bonding of the cover plate 36 and the base 
plate 12 do not get dirty, and the resin 52 is 
prevented from leaking to interfere with adhering work. 
Moreover, man-hours will not be increased since there 

25 is no need to further add a step of removing the resin 

52. 
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[0023] Moreover, watertightness of the channel 38, 

which is demarcated by the base plate 12 and the cover 
plate 36, is improved due to the resin 52 interposed 
between the base plate 12 and the cover plate 36. Thus, 
5 water leakage is prevented. Further, since the resin 

lump 52a is housed within the third step portion 50, 
the resin lump 52a does not drop off to flow into the 
channel 38. Furthermore, stress loaded onto the resin 
52 interposed between the second step portion 4 8 and 
10 the cover plate 36 is reduced attributable to the resin 

lump 52a, whereby high watertightness of the resin 52 
is maintained. 

[0024] The present invention is not limited to the 

foregoing embodiment, and various modifications can be 
15 made therefor. For example, the number of step 

portions formed on the channel sidewall is not limited 
to three, and it may be four or more. 
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